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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
CUSTOM HOUSE--2D & CHESTNUT STREETS
PHILADELPHIA, PENNSYLVANIA 19106

1N REPLY REFER TO

NAPEN-D

Honorable Brendan T. Byrne
Covernor of New Jersey
Trenton, New Jersev 08621

31 AUG 1378

Dear Governor Byrne:

Inclosed is the Phase T Tnspection Peport for Farrin;ton Dam in !Middlesex
County, New Jersey which has been prepared under authorization of the

Dan Inspection Act, Publiec Law 92-367. A brief assessment of the dam's
condition is given on the first three pages of the report.

Based on visual inspection, avallable records, calculations and past
operational performance, Farrington Dam 18 Jjudged to be in a deteriorated
condition. The dam's spillway is considered seriously inadequate since
23 percent of the Probable Maximum Flood (TMF) would overtop the dam.

To insure adequacy of the structure, the following actions, as a mininum

are recommended:

a. Englneering investigations and studies should be made by a
qualified, professional consultant engaged by the owner to ascertain
the dam's stability and structural adequacy within twelve months from
the date of approval of this report. Alse, the spillvay's adequacy
should be determined by more sophisticated methods and procedures at the
same time. Any remedial measures necessary to Ilnsure the dam's structural
adequacy and stabllity and to increase the spillway's capacity, resulting
from these investigations and studies, should be initiated in calendar
year 1979. 1In the interim, a detailed emergency operation plan and
warning system shculd be promptly developed. Also, during pericds of
unusually heavy precipitation or spillway discharge, around-the-clock
surveillance should be provided.

b. The dam's mid and low level outlet gates should be restored to
full operational use within six months from the date of approval of this
report.




" NAPEN-D
Honorable Brendan T. Byrne

c. The channel, downstream of the dam, should be cleared of heavy
vegetation and the channel improved to provide a better transition to the
natural channel of Lawrence Brook., This work should be completed within
twelve months from the date of approval of this report.

d. Monitoring of seepage along right abutment and determination
of its source and path to the point of visible leakage should be
initiated within three months from the date of approval of this report.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New
Jersey Department of Environmental Protection, the designated State
Office contact for this program. Within five days of the date of this
letter, a copy will also be sent to Congressman Frank Thompson, Jr. of
the Fourth District. Under the provisions of the Freedom of Information
Act, the inspection report will be subject to release by this office,
upon request, thirty days after the date of this letter.

Additional copies of this report may be obtained from the National -~
Technical Information Services (NTIS), Springfield, Virginia, 221§i
at a reasonable cost. Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report available.

An important aspect of the Dam Safety Program will be the implementation
of the recommendations made as a result of the inspection. We accordingly
f request that we be advised of proposed actions taken by the State to
; implement our recommendations.

Sincerely yours,

,/ bt
I 7
,%:((/ ’/" i
i 5
1 Incl / JAMES G. TON
As stated Colonel, Corps of Engineers

District Engineer

Cy furn:
Mr. Dirk C. Hofman, P.E.
Department of Environmental Protection




CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

Based on visual inspection, available records, calculations and past
operational performance, Farrington Dam is judged to be in a deteriorated
condition. The dam's spillway is considered seriously inadequate since
23 percent of the Probable Maximum Flood (PMF) would overtop the dam.

To insure adequacy of the structure, the following actions, as a minimum
are recommended:

a. Engineering investigations and studies should be made by a
qualified, professional consultant engaged by the owner to ascertain
the dam's stability and structural adequacy within twelve months from
the date of approval of this report. Also, the spillway's adequacy
should be determined by more sophisticated methods and procedures at the
same time. Any remedial measures necessary to insure the dam's structural
adequacy and stability and to increase the spillway's capacity, resulting
from these investigations and studies, should be initiated in calendar
year 1979. In the interim, a detafled emergency operation plan and
warning system should be promptly developed. Also, during periods of
unusually heavy precipitation or spillway discharge, around-the-clock
surveillance should be provided.

b. The dam's mid and low level outlet gates should be restored to
full operational use within six months from the date of approval of this
report.

c. The channel, downstream of the dam, should be cleared of heavy
vegetation and the channel improved to provide a better transition to the
natural channel of Lawrence Brook. This work should he completed within
twelve months from the date of approval of this report.

d. Monitoring of seepage along right abutment and determination
of {ts source and path to the point of visible leakage should be
initiated within three months from the date of approval of this report.

S ) & / 3
APPROVED: AT px €’ </ Mot -
JAMES G. TON /

Colonel, Corps of Engineers
District Engineer

DATE :




PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Farrington Dam, I.D. NJ 00383
Sate Located: New Jersey

County Located: Middlesex

Stream: Lawrence Brook

Date of Inspection: May 4 and 8, 1978

Assessment of General Condition of Dam with Respect to Safety and
Recommended Action with Degree of Urgency

Farrington Dam is in a deteriorated condition, exhibiting severely eroded
concrete at the crest and downstream face. The dam's low level and high
level outlets are not functional and the downstream spillway channel is
narrow in width and heavily vegetated. The spillway design flood was
determined on the basis of current Corps of Engineers screening criteria
and the actual design capacity should be verified by the Owner using more
precise and sophisticated methods and procedures. The spillway is capa-
ble of passing only 22 percent of the PMF without overtopping the dam.
Significant seepage is visible on the right abutment and high uplift
pressures at the toe were visible. The original stability analyses were
conducted, apparently, without consideration of uplift pressures on the
base plane. It is felt that the dam cannot meet current stability crite-
ria for the existing service conditions; this would be further aggravated
for the higher pools caused by the PMF conditions.

The available engineering data is of questionable value and is inadequate.
A data acquisition program is recommended to be completed within twelve
months to include all items listed in Section 7.1 - b. Following acqui-
sition of basic data, formulation of a plan to increase the spillway
capacity should be carried within an additional six-month period.




The rehabilitation of the deteriorated dam spillway crest and facing
would be part of such a plan. The low and high level outlet gates
should be brought up to full operational capacity within six months.

A warning system should be established to the downstream Borough of
Milltown in expected cases of high rainfall or spillway discharge.




May 1978

DAM

FARRINGTON
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

FARRINGTON DAM, I.D. NJ 00383

SELTION 1

(s PROJECT INFORMATION

1.1 General

a. Authority
The National Dam Inspection Act, Public Law 92-367 of August 1972
authorizes the Secretary of the Army, through the Corps of Engineers
to initiate a program of safety inspections. The inspection of
Farrington Dam was carried out under Contract DACW61-78-C-0100 to the
Department of the Army, Philadelphia District, Corps of Engineers by

the engineering firm of Harris-ECI Associates of Woodbridge, New
Jersey.

b. Purpose of Inspection
The purpose of the inspection and evaluation is to identify conditions
which threaten the public safety and thus permit the correction of the
conditions in a timely manner by the owners.




1.2 Description of Project

a. General Description of Dam and Appurtenances
Farrington Damis a concrete gravity structure founded on a red shale
formation. The center section of the dam consists of a 300-foot long
ungated spillway flanked by non-overflow sections tying into higher
ground at each abutment. The upstream face of the dam is vertical and
the downstream face is stepped down to the foundation level, each step
measuring approximately 3-foot high by 2-foot wide. The overflowing
water in the spillway is designed to dissipate its energy on these
steps, and no further provisions have been made at the toe of the dam
for energy dissipation. The outlet works consists of a series of three
inlets on the left non-overflow section adjacent to the spillway, allow-
ing water to be drawn from three levels if desired. Only the mid-level
outlet wasroutinely operable as of the inspection date. The low level
outlet is a 30-inch diameter cast iron pipe passing straight through the
dam at centerline elevation 29.25. The mid and high-level outlets
consist of 24-inch cast iron pipes connected to the low level outlet
pipe by means of a common 30-inch diameter riser pipe into which the
24-inch inlet pipes connect. A1l three outlets are controlled by face
mounted gates operated by stands on the top of the left abutment. The
downstream end of the 30-inch low level outlet is aligned in plan with
the downstream channel of Lawrence Brook. No special provisions for
dissipating the energy of the outlet wcrks discharges have been made.

During the 1950's, the downstream face of the dam was resurfaced with
a layer of concrete 5 to 7-inch thick. This layer of concrete is in
extremely. eroded and spalled condition, at places exposing the eroded
and spalled base concrete beneath it, which it was designed to protect.
Some light vegetation has found root in the eroded face materials.

VR R T I T T e apenen



The dam abutment on the left is steep and leaking near the top. The
slope is surface eroded, exposing tree roots on the abutment slope
downstream of the dam. The rightabutment is less steep, but also
leaks, with the leakage forming a small rivulet downstream of the
dam.

Tne area downstream of the spillway is partly blocked by a spit of
land overgrown with trees. Water coming over the spillway has formed
a narrow channel parallel to the dam axis that connects on the left
to the Lawrence Brook Channel.

“ne downstream channel of Lawrence Brook is well defined in a steep
sided valley. The banks are overgrown with trees almost down to the
normal tailwater line. There are no residences immediately downstream
ot the dam, but there are residences and commercial structures adjacent
to the normal flood plain in the downstream community of Milltown.

Tne reservoir rim is moderately sloping to flat, and covered by trees.
Very little development exists along the shoreline. The shoreline

has no protection. The condition along the shoreline indicates that
the lake rarely rises above a level of 15 to 18 inches above the spill-
way crest.




b. Location
Farrington Dam is located on Lawrence Brook, upstream of the brook
crossing at Riva Avenue. It straddles the township line dividing
East Brunswick and North Brunswick, in Middlesex County, New Jersey.
Lawrence Brook is a tributary of the Raritan River.

c. Size Classification
According to the "Recommended Guidelines for Safety Inspection" by the
U.S. Department of the Army, Office of the Chief Engineers, the dam
is classified in the dam size category as being "Intermediate", since
its storage is more than 1,000 acre-feet, but less than 50,000 acre-feet.
The dam is also classified as "Small" because its height is less than
40 feet. The overall size classification is governed by the larger of
these two determinations, and accordingly, Farrington Dam is classified
as "Intermediate" in size.

d. Hazard Classification
The dam has been classified as having High Hazard Potential in the
National Inventory of Dams, on the basis that in the event of failure
of the dam and its appurtenances, excessive damage could occur to down-
stream property together with the possibility of the loss of more than a
few lives. Our findings concur with this classification.

e. Ownership
Farrington Dam is owned by the City of New Brunswick.

f. Purpose of Dam
The dam is operated as a water supply storage reservoir. Auxiliary uses
include small non-powered boating and fishing.

g. Design and Construction History
According to plans furnished by the Owner, the dam was designed in 1926

and signed by the City Engineer in charge at that time. No data has been




uncovered as to its construction history in the New Jersey Department
of Environmental Protection files. The dam was rehabilitated by
adding a surface layer of protective concrete to the downstream face
sometime in the 1950's according to the City Engineer. No drawings
for this work are on file at the New Jersey Department of Environmental
Protection or with the City Engineer.

h. Normal Operating Procedures

The normal operating procedure is to allow the reservoir water to flow
over the spillway, keeping the low level outlet closed. Water dis-
charging over the spillway continues down the natural channel of
Lawrence Brook and is impounded again at Weston's Mill Pond Dam for
water supply releases. Water releases from Farrington Dam are coordi-
nated with water supply needs at Weston's Mill Pond, and releases are
made through the dam's outlet gates in late summer and early fall when

the water level of Farrington Lake usually falls below the Spillway level.

The minimum release is 3.5 million gallons per day (5.4 cfs).

1.3 Pertinent Data

At the dam axis, drainage area is 34.4 square miles.

b. Discharge at Dam Site

Maximum known flood at dam site: 4,920 cfs on July 21, 1975:
reservoir level 52.60 MSL

Warm water outlet at pool elevation: 55 cfs at Elev. 52 (estimated)
Diversion tunnel low pool outlet

at pool elevation: NA

Diversion tunnel outlet at pool

elevation: NA

Gates spillway capacity at pool

elevation: NA

Ungated spillway capacity at

maximum pool elevation: 2,710 cfs, at Elev. 52

Total spillway capacity at

maximum pool elevation: 2,710 cfs, at E]gv. 52
5
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c. Elevation (feetabove MSL)

Top of dam:

Maximum flood control pool:
Full flood control pool:
Recreation pool:

Spillway crest:

lJpstream portal invert diversion
tunnel:

Downstream portal invert diversion
tunnel:

Streambed at centerline of dam:
Maximum tailwater:

d. Reservoir

Length of maximum pool:
Length of recreation pool:
Length of flood control pool:

e. Storage (acre-feet)

Recreation pool:
Flood control pool:
Design surcharge:
Top of dam:

f. Reservoir Surface (acres)

: Top dam:

Maximum pool:
Flood-control pool:
Recreation pool:
Spillway crest:

53.0
NA
NA
50.0
50.0

NA

NA
27.5
37.2 at 4,920 cfs (estimated)

4.25 miles (Elev. 52.0)
3.50 miles (Elev. 50.0)
NA

2,450 AF (Elev. 50)
NA

2,900 AF (Elev. 52)
3,142 AF (Elev. 53)

250 (Elev. 53)
233 (Elev. 52)
NA

211 (Elev. 50)
211 (Elev. 50)




Type:
Length:
Height:
Top width:

Side slopes - Upstream:

- Downstream:
Zoning:
I=dervious core:
Cutoff:
crcout curtain:

h. Diversion and Regulating

Regulating facilities:

i.  Spillway

Type:

Length of weir:
Crest elevation:
Gates:

U.S. Channel:
D/S Channel:

Concrete gravity

535 feet

34

4 feet

Vertical

Stepped 3V on 2H

NA

NA

None

No information available

Tunnel

NA
NA
NA
NA
NA

Ungated modified ogee
300 feet

50.0

None

None

Lawrence Brook, natural Channel




J. Regulating Outlets

Low level inlets: #1
#2
#3

Controls:

Emergency gate:

Outlet:

24-in.dia.-§ Elev. 48.0 (inoperable)
24-in.dia.-§ Elev. 38.67 (operable)

30-in.dia.-¢ Elev. 29.25 (believed
inoperable)

Slide gate valves mounted on upstream
face of dam

None

30-in. dia. cast iron pipe,i Elev.29.25




SECTION 2

& ENGINEERING DATA
o Design

Tne only design data uncovered are two signed contract drawings dating
to 1926 showing the dam configuration (Drawings 2 and 3, appended in
“Plates"). No computations relating to spillway discharge capacity,
hrdrology or hydraulics were uncovered. Gage records are available
correlating the discharge at Farrington Dam with the reservoir level,
mzintained by the U.S. Geological Survey. (USGS gage, “Lawrence Brook at
Fzrrington Dam"1927- present). A stage discharge relationship for the
reservoir is kept by the U.S.G.S. The State of New Jersey Department
of Environmental Protection (NJ-DEP) has shown stream flood profiles
for Lawrence Brook at Farrington Dam for the 100-year discharge (3,600
cfs) and for 125 percent of the 100-year discharge (4,500 cfs).

A primitive stability assessment of the dam is shown on one of the con-
tract drawings, depicting the location of the resultant of forces on
.the base plane. This analysis is considered inadequate according to
current criteria.

No design data on the overlay concrete was uncovered during this phase.

2.2 Construction

No data on construction has been uncovered for this phase of the
investigation in the files of the New Jersey Department of Environmental
Protection.




2.3 Operation

Reservoir levels are recorded at the U.S.G.S. gage "Lawrence Brook at
Farrington Dam". Records of low level outlet gate openings are sent
to the U.S.G.S. offices in Trenton, New Jersey, for estimation of total
brook discharges over the spillway and through the low level outlets.

2.4 Evaluation

a. Availability
Available data is sparse. It is recommended that further search for
original design, construction, and operating data be conducted by the
Owner. Needed for further assessment of stability are:

12 Engineering properties of the foundation shale
material.

2. Determination of uplift pressures under the dam
and abutments.

3. Effect of reservoir backfill and siltation on
uplift pressures.

4. A cross section survey of the dam depicting
the original concrete construction and the extent
of the concrete overlay repair at various keycross
sections.

5. A survey of the toe of the dam to determine down-

stream spillway channel depths and degree of rock
erosion and undercutting of the gravity section

10




of the dam, if any. Data from the most
recent inspection of the toe of dam may be
used if less than 5 years old.

b. Adequacy
The available data is inadequate to determine the safety of the dam
in regard to stability. It is recommended that data acquisition listed
under "Availability" be implemented.

c. Validity
The data uncovered in this phase is considered valid. The two simple
drawings of the dam basically correspond to the structure which is
actually existing on the site, except for uncertainty as to the exact
foundation level of dam as actually built.

1
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SECTION 3

3. VISUAL INSPECTION

3.1 Findings

a. General
Farrington Dam has suffered extensive concrete surface deterioration
on its downstream face. Its present condition requires increased
maintenance to assure its continued serviceability.

b. Dam
The concrete dam is seriously deteriorated on its downstream surfaces,
which is of stepped configuration in order to provide some measure of
energy dissipation to the water flowing over the spillway crest. At
some time in the 1950's, the thendeteriorated downstream face concrete
was repaired by overlaying it with a nominal 6-inch thick layer of
lightly reinforced facing concrete, which was dowelled into the original
mass concrete with small diameter (1/4 inch) pencil rods. The overlay
concrete has in the intervening years of service deteriorated severely
itself, by freeze-thaw action and by the erosive action of the water
passing over the spillway crest. In places, the overlay concrete is
completely spalled away, revealing the original spalled and eroded mono-
lith concrete. Overlay reinforcement and dowelling is exposed in many
places, rusted and ruptured in many others. The irregular surfaces
created by the erosive action hold and pond water and accelerate the
freeze-thaw deterioration in the winter seasons. The deterioration is
especially severe on the horizontal surfaces of the stepped face.

The spillway crest, also apparently repaired, is in slightly better
condition than the remainder of the dam face, although also severely
eroded. In places, such as adjacent to the left non-overflow section
the spillway crest repair concrete, it iscompletely missing for a distance

12
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of several feet creating an uneven crest elevation of approximately

3 to 4 inches. There is a slight deviation from line visible in the
crest at the middle of the spillway, but this is not thought to be in
connection with movement of the dam monolith itself, but rather caused
by a poor alignment of the overlay concrete forms.

The overlay concrete obscures the original monolith joints and they

are hard to discern on the downstream face. It is hard to ascertain
where the overlay concrete facing was jointed, because of the severe
deterioration of the surface. One monolith joint in the base concrete
wis found on the downstream face, in a spalled condition beneath the
ceteriorated overlay facing. Two monolith joints were observed on the
cack face of thedam, one each in the middle of the non-overflow sections
adjoining the central spillway. These joints are also severely spalled.
The only construction drawings available do not show any monolith
jointing. No construction joints are visible except on the back face
of the dam where two cracked horizontal construction joints are visible
very close to the top of dam.

The non-overflow sections of the dam are also stepped and no spillway
training wall was provided in the design, at the ends of the spiliway
to confine the overflowing water to the spillway section itself. The
condition of the overlay concrete on the downstream face of the non-
overflow sections is slightly better than on the central spillway due
to the absence of erosive action of water further away from the spill-
way. Some brush growth has taken root on the steps of the left non-
overflow section.

Seepage was observed coming out high up on the left abutment's downstream

face, approximately at the reservoir level and estimated at one gallon
per minute.

13
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A more significant seepage occurs along many points at the toe of the
dam and at the dam face on the right abutment. Seepage points, under
pressure, extend for several tens of feet. Calcite films along the
downstream face indicate minor seepage through construction joints.
However, the major seeps may be exit points for water moving either (1)
through construction joints, (2) through rock fractures (or alluvial
gravels), and/or (3) along the contact between the foundation material
and concrete. Seepage from this area forms a rivulet running down the
right downstream abutment area discharging an estimated two gallons

per minute.

High uplift pressure were detected along the toe of the spillway, where
leaking water formed a pinhole type geyser attaining a height of approx-
imately one foot above prevailing tailwater surface.

° Dam Foundation
Red shale, cropping out on the left abutment, and probably red, fine-
grained sandstone (Brunswick formation) comprise the foundation for the
dam. Glacial-fluvial sands and gravels cap a terrace-like plateau beyond
the right abutment. It is possible that a section of the right abutment
structure may be founded on this alluvial material. Dark silty clays

and light-colored sands (Magothy and Raritan formations) mantle the
hills upstream of the dam.

® Outlet Facilities
Outlet facilities are built into the body of the left non-overflow sec-
tion of the dam immediately adjacent to the spillway section.

There are three intakes located at different elevations, all leading to

a common 30-inch diameter riser and discharge line. Each intake is con-
trolled by a sluice gate located on the vertical upstream face of the dam.

14




For discussion, the sluice gates are numbered 1, 2 and 3 from left to

right looking downstream. Gate- 1 (high level outlet) is a 24-inch square,

pressure seating gate; the centerline is at elevation 48. This gate is
no longer operable as the operating stand has been removed. A length
of 4-inch steel pipe has been installed in its place to protect the
trrzaded stem. There is no means of raising this gate at present.

Gate number 2 (low level outlet) is a 30-inch square, pressure seating
gate; centerline elevation at 29.3. The valve operator, manufactured
by Coffin Valve Co., is a bevel reduction gear type, driven by a hand
crank. Only part of the hand crank remains, the rest having been
broken off. According to dam operating personnel, this gate valve has
not been operated in years, principally because the water quality at
the reservoir bottom is bad and creates problems with water consumers.
An attempt would only be made to operate this gate in an emergency
situation. It is believed that this gate at present is basically in-
operable. Both Number 1 and 2 gate stems are corroded at the water
surface. Approximately 60 percent of the original diameter remains
(35 percent of the original area).

Gate number 3 (mid-level outlet) is a 24-inch square, pressure seating
gate; centerline at elevation 38.7. The valve operator, manufactured
by Coffin Valve Co,, consists of a manually operated handwheel acting
directly on the threaded valve stem. This gate is operable and was
70 percent open at the time of this inspection. The gate was opened
prior to the inspection to draw the reservoir level down below the
spillway crest enabling inspection of the downstream face of the dam.
According to operating personnel, a section of the stem normally at
the water surface has been replaced. This accounts for the lack of
severe corrosion of this stem compared to that observed on Gates 1
and 2.
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In summary, Gate 3 is operable and in good condition; Gate 1is inoperable;
however, the desirability of repair is debatable since the centerline
elevation of this intake is only two feet below the crest of the spill-
way. Gate 2 has been unused for years and may be inoperable. Without
this gate, the reservoir can be drawn no lower than approximately
elevation 37.0, which is the invert elevation of the mid-level cutlet
Gate 3.

The discharge of the common 30-inch diameter outlet line is on the down-
stream side of the dam at the centerline elevation 29.25, discharging
into the downstream channel. The outlet pipe is completely or nearly
completely exposed above normal tailwater levels. There are no special
energy dissipating devices visible at the outlet pipe. The outlet pipe
is approximately aligned in plan with the natural streambed of Lawrence
Brook.

c. Appurtenant Structures
None exist.

d. Reservoir Area
The reservoir area was inspected from several locations. No indication
of reservoir rim instability were readily apparent. The reservoir rim
is solidly under deciduous tree growth. At present, development is

very sparse on the shore line. The reservoir rim has no shoreline protection.

Judging from the condition of the rim, water levels rarely rise more than
18 inches above the crest of the spillway. This is confirmed by reser-
voir gaging records maintained by the U.S5.G.S. on the left reservoir rim
near the dam axis. The reservoir is cut by two causeways, one in the
center of the reservoir at Washington Place, approximately 6,000 feet
upstream of the dam axis,and one atChurchLane, approximately 13,000 feet
upstream of the dam axis. The reservoir is connected by openings approx.
40-foot wide in the causeways, covered by vehicular bridges.

16
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The reservoir has apparently silted overduring its service life,and there
is an accumulation of organic material in the lake bottom near the dam's
low level outlet that makes routine releases from that level undesirable
from the water quality standpoint.

e. Downstream Channel
The downstream channel is well defined, but trees and heavy brush
cover both banks almost down to the water line. The channel of Lawrence
Brook is opposite the outlet works at the left end of the dam, and the
area downstream of spillway is blocked by a low peninsula, overgrown
viith substantial tree and brush cover. Spillway overflow water atthedam's
right end must flow parallel to the dam axis in a relatively narrow
open channel at the toe of the spillway to gain access to the brook.
There is no stone protection visible along the banks of thisspillway
channel and Lawrence Brook. A good part of the downstream area is of
shallow depth and can be waded at normal low tailwater. No precise
idea of undercutting of the dam toe could be obtained by visual obser-
vations. There are no structures in the immediate area downstream of
the dam but there are low lying residential and commercial properties
in the Borough of Milltown that could be affected by high stream stages.
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3.2

The areas of concern in regard to the safety of Farrington Dam center

Evaluation

on the following points:

Deterioration of the Downstream Face Concrete:

It is obvious that the same corrective action is
needed to rehabilitate the spillway face to maintain
serviceability. In view of the expenses involved,
the final decision on corrective action is heavily
dependent on the overall solution to other defi-
ciencies related to spillway capacity and dam
stability.

Seepage and Leakage:

The seepage at the right abutment is a safety concern,
since it erupts at many points and the origin and
path of this seepage is unknown. The high uplift
pressures in the form of geysers were noted at the
toe of the dam. The extent and magnitude of the up-
1ift pressures along the foundation plane is unknown.

Foundation:

Farrington Dam is built on a soft shale formation

which has shown tendencies toward erosion and under-
cutting of the dam toe at spillway sections and adja-
cent to low level outlets in other dam installations.

Outlet Facilities

Gate No. 1 (high level) has a missing operating stand
and is inoperable. Gate No. 2 has not been operated

in years and is assumed to be inoperable. Gate No. 3
(mid-level) is operable.
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Downstream Channel

The area downstream of the spillway channel is
narrow and partially obstructed by a tree-grown
peninsula. The transition between zone banks and
bottom is poorly defined and unprotected against
scour,
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SECTION 4

4. OPERATIONAL PROCEDURES

4.1 Procedure

The operation of Farrington Dam is simple in line with the simple facil-
ities provided. The lake level is generally determined by the run-of-
the river discharges passing over an uncontrolled fixed concrete spillway.
During periods of low flow when the level of the lake drops below the
crest, water supply requirements are met by operation of the mid-level
outlet gate. A minimum flow of 5.4 cfs (3.5 MGD) is maintained.

4.2 Maintenance of Dam

There is no general routine program of maintenance, and repairs are
made on an as-needed basis. Prior to the current inspection, the dam
was inspected in 1976 by Mr. Robert Kane, P.E.,City Engineer, City of
New Brunswick, at the request of the N.J. Department of Environmental
Protection, and found in serviceable condition.

4.3 Maintenance of Operating Facilities

The low level outlets are maintained in connection with periodic visit
to the dam by personnel of the City's Water Department. The controls
for the gates are in the open and could be subject to vandalism and
pranks.
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4.4 Description of any Warning System in Effect

We have no knowledge of any warning system in effect that would alert
downstream residents of impending high water levels or possible dam
misfunction.

4.5 Evaluation

Maintenance has been at a minimal level at the dam. A formal annual
check of the dam should be initiated using a format similar to the
visual check list used in this report and appended in Appendix A.
Foundation seepage should be channelized, monitored and have its volume
estimated at monthly intervals to determine its stability. The vege-
tative growth in the area downstream of the spillway should be con-
trolled from its current wild state.

A warning system should be established with the police or civil defense

officials in the downstream Borough of Milltown to provide an alert in
cases of exceptionally high rainfalls and high spillway discharges.
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SELTION §

5. HYDRAULIC / HYDROLOGIC

5.1 Evaluation of Features

a. Design Data
Farrington Dam is located on Lawrence Brook approximately 5.2 miles
upstream from its confluence with Raritan River. The drainage area of
Lawrence Brook at Farrington Dam is approximately 34.4 square miles.
The main tributaries of Lawrence Brook above the Farrington Dam are
Great Ditch, Oakleys Brook, Ireland Brook and Beaver Dam Brook. A map
showing the drainage area of Lawrence Brook at Farrington Dam is
presented in Plate 1, Appendix D.

Lawrence Brook follows a winding course. The topography is characterized

by Tow hills at the head waters and lower lands, depressed and swampy
lands along most of the lower portion of Lawrence Brook and its tribu-
taries.

Land use patterns along Lawrence Brook are mostly residential with some
agricultural uses. Residential developments are concentrated in the
lower reach of the Lawrence Brook.

The basin is serviced by two major divided highways which provide sti-
mulus to industrial and residential growth in the basin. These two
highways are U.S. Highway 130 to the northwest and the New Jersey Turn-
pike to the southeast.

The evaluation of the hydraulic and hydrologic features of Farrington
Dam was based on criteria set forth in the Corps' Guidelines, Section
4.3 and additional guidance provided by the Philadelphia District Corps
of Engineers. The Probable Maximum Flood (PMF) was calculated from the
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Probable Maximum Precipitation using Hydrometeorological Report No. 33
with standard reduction factors. The Snyder Method was used for deriving
the unit hydrograph with the following equations:
k. = B.23 (1.0 + .03 %0 gp.g )08
S
R 3
ot e
where:
D.A = drainage area in square miles.
S = water course slope, in feet per mile, defined as
! the average slope of the water course between points
10 and 85 percent of the distance upstream from the
runoff site to the watershed boundary.
I = index of impervious cover in percent of total land
area.
e time in hours from the end of a burst of rainfall
excess to the inflection point on the recession
limb of the resulting direct runoff hydrograph
(Clark method).
R = discharge at the inflection point on the recession
limb of the direct runoff hydrograph divided by
the slope of the recession limb at that point, in
hours (Clark method).
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The computed t; and R for Farrington Dam are 4.88 hours and 9.08 hours
respectively. The hydrologic/hydraulic computations are presented in
Appendix D, Hydrologic Computations and HEC-1 computations.

Initial infiltation loss rates were applied using SCS procedures to the
Probable Maximum Storm rainfall to obtain rainfall excesses. The rain-
fall excess was then applied to the unit hydrograph to obtain the PMF
hydrograph, utilizing computer program HEC-1. The computed peak dis-
charge of PMF and one half of the PMF are 29,036 cfs and 14,518 cfs
respectively.

These inflow hydrographs were routed through the reservoir by the modi-
fied Puls methodutilizing computer program HEC-1. The peak outflow
discharges for the PMF and one half of PMF are 28,095 cfs and 14,002 cfs
respectively. Both the PMF and one half of the PMF result in overtopping
of the dam.

The stage-outflowrelation for the spillway and the reservoir stage-
capacity data were based on the U.S.G.S. quadrangle topographic maps.
Reservoir storage capacity included for surcharge levels exceeding the
top of dam and the spillway rating curve above the top of dam assumed
that the dam remains intact during routing. In the routing computations,
the discharge through outlet facilities was excluded due to its insigni-
ficant magnitude as compared to the spillway discharge and the PMF.

The spillway rating curve and the reservoir capacity curve are presented
in Plates 2 and 3 of Appendix D respectively.

b. Experience Data
The recorded history of flooding in the Lawrence Brook Basin began in
1922 when the U.S. Geological Survey (U.S.G.S.) gaging station, #01404500,
was installed at Patricks Corner. With the completion of the nearby
Farrington Dam in 1927, the Patricks Corner gaging station was discon-
nued; and its replacement, U.S.G.S. gaging station, #01405000, at
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Farrington Dam has been recording from 1927 to the present. During
this time, several major floods have occurred and minor floods have
been a common occurrence. The dates of twelve major flooding events
(1,500 cfs or more) are as follows:

July 17, 1927
October 18, 1927
July 6, 1928
September 21, 1938
September 15, 1944
July 24, 1959
March 7, 1967

May 29, 1968
August 28, 1971
June 24, 1972
February 2, 1973
July 21, 1975

On August 27-28, 1971, New Jersey was hit by Hurricane Doria causing
the President to declare New Jersey a natural disaster area. An exten-
sive high water survey was conducted jointly by the State of New Jersey
and the U.S.G.S. following Doria; these data are on file with NJ-DEP,
Division of Water Resources. Accordingto field data, the flooding
caused by Hurricane Doria is estimated to have exceeded the flood crest
of the previous flood of record on September 21, 1938, by approximately
two tenths of a foot.

A maximum discharge of 2,980 cfs was recorded for U.S.G.S. gaging station
#01405000 on Lawrence Brook at Farrington Dam,on August 28, 1971. Since
that time, the maximum known discharge at Farrington Dam occurred on July
21, 1975 with a discharge of 4,920 cfs at reservoir elevation 52.60,
exceeding the Hurricane Doria stage by 0.60 of a foot (top of dam is
elevation 53).
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The adopted design discharge for floodway delineation at this point
is 3,150 cfs based on Flood Hazard Report No. 7 by the State of New
Jersey Department of Environmental Protection, dated September 1972.

The computed PMF value is 5.7 times larger than the 1975 flow at the
Farrington Dam site.

c. Visual Observations
There is no evidence of excessive sedimentation due to recent develop-
ments in the drainage basin that would affect the storage capacity of
the dam and its safety. The spillway crest is uneven but does not
materially affect the rating curves established for PMF analyses.

d. Overtopping Potential
As indicated in Section 5.1 - a. both the Probable Maximum Flood and
the one half of the Probable Maximum Flood, when routed through the
Farrington reservoir result in overtopping the dam. The PMF and one
half PMF overtopped the dam by 4.10 feet and 1.90 feet respectively.

The spillway is only capable of passing a flood equal to 22 percent of
the PMF without overtopping the dam. Since PMF is the Spillway Design
Flood (SDF) for this dam,according to the Recommended Guidelines for

Inspection of Dams by the Corps, the spillway capacity of the Farrington
Dam is considered seriously inadequate.

e. Reservoir Drawdown
The reservoir drawdown below the spillway crest elevation 50.0 is accom-
plished by permitting discharge through the 30-inch bottom outlet pipe,
with an invert elevation of 28.0 MSL. Assuming drawdown to the top of
the pipe, elevation 30.5 results in a maximum head differential of 19.5
feet. If a constant inflow of 2 cfs per square mile of drainage area is
assumed, the resultant inflow into the reservoir would amount to 68.8 cfs,
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which is greater than the rated outlet capacity of the bottom level
outlet. The reservoir could not be drawn down under these conditions.
Assuming no inflow into the reservoir, the drawdown could be accom-
plished in 44.5 days.
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SECTION B8

6. STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations
The apparent high uplift pressure observed at the toe of the spiliway
gives rise to concern about the stability of the structure, as does the
Teakage coming out of the right abutment section. The foundation mate-
rial, Red Brunswick Shale, is erodible and has exhibited tendencies
toward undercutting when exposed to rapidly moving water on other nearby
dams. It also has a low angle of internal friction and a low unit shear
strength which may give difficulty in achieving a satisfactory factor
of safety in evaluating sliding resistance.

b. Design Construction Data
The only design data relating to stability is a force diagram on one
of the contract drawings uncovered, showing the resultant of the
upstream water pressure and dam weight intersecting the foundation
plane within the middle third. No uplift pressures on the base plane
were considered in this analysis, and it is considered insufficient for
determining the stability of the dam.

No construction data is available for assessing the various factors
relating to the foundation normally considered in a stability analysis
for a gravity section.

A preliminary stability analysis for the maximum section shows that the
dam would be unable to meet acceptable Corps of Engineers' stability
analysis criteria for location of resultant force on the base plane using
full head water and tailwater uplift pressures at the heel and toe of the
dam respectively. A rationale for reducing the uplift pressures on the
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foundation plane could be the presence of extensive silt deposits at
the heel which would reduce the head water pressure at the heel by
providing a longer seepage path for dissipating the differential pres-
sure existing between head water and tailwater. This effect is normally
not considered, because such silt deposits could at any time be dredged
out.

c. Operating Records
The dam has withstood all high water events since construction in 1926,
with lake levels up to elevation 52.60 according to U.S.G.S. gage re-
cords. Concern has been expressed as to its safety by a downstream
resident according to a letter in the files of the NJ-DEP.

d. Post Construction Changes
The addition of a 6-inch thick facing layer of concrete should improve
the stability somewhat even though it is deteriorated, because all that
is needed for stability considerations is weight. The possibility exists
that the overlay concrete has blocked off leakage and seepage water
normally existing in open monolith joints, thus increasing uplift pres-
sures on any horizontal plane through the dam or its foundation, which
would be detrimental to stability. The overlay concrete is currently
so deteriorated that this condition probably cannot exist.

e. Seismic Stability
The dam is located in a Zone 1 of the Seismic Zone Map of the United
States. Due to the low height of the dam, the risk of seismic damage is
probably low, but the effect of seismic loadings should be verified at
the time the overall stability of the dam is reevaluated on the basis of
complete engineering data.
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SECTION 7

. ASSESSMENT / REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety
The dam has been inspected visually and a review has been made of the
available engineering data. This assessment is subject to the limita-
tions inherent in the visual inspection procedures stipulated by the
Corps of Engineers for Phase I Report.

The safety of Farrington Dam is questionable since it cannot pass the
PMF or one half on the PMF without overtopping. The dam's stability
is in question since it apparently was designed without considering
uplift forces on the base plane. A preliminary evaluation of the
stability of the dam shows that it would have difficulty in meeting
current Corps of Engineers' stability guidelines atcurrent maximum pool
levels. This would also apply to even higher pool levels if the PMF
or one half PMF are to be passed safely without overtopping. Other
factors casting doubts on the dam's safety are:

1. High uplift pressure detected at the toe of the
dam. Seepage detected on the right abutment area.

25 Uncertainties about the actual foundation level, the

~quality of the shale underlying the dam, and possible
erosion and undecutting of the toe since the last

inspection.

3. General deterioration of the dam, such as the
severely spalled concrete at downstream face and
spillway crest, the inability to operate the low
and high level outlet gates and the overgrown
spillway channel immediately downstream of most
of the spillway width.
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b. Adequacy of Information
The information available is not considered adequate to evaluate the
safety of the dam at present. Required information includes:

1.  Updating of existing dam drawings to include the
original construction as well as the facing
repairs. Addition of monolith and construction
Joint data.

2. Acquisition of foundation data by a program of
borings to determine the dam/foundation interface
along the axis of the dam. Determination of dam
concrete and subgrade rock engineering properties.

3. Examination of the toe of the dam for erosion of
rock undercutting of the tow. Evaluation of exist-
ing inspection data in the files of the owner.

4. Determination of uplift pressures at various
points along the base of the dam including points
along the heel and toe of the dam. Correlation
of uplift pressures with siltation behind the
dam.

5. Determination of silt levels adjacent to the dam heel.

6. Monitoring of seepage along right abutment and
determination of its source and path to the
point of visible leakage.
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c. Urgency

1. The restoration of the mid and low level outlets
to full operational use should be complete within
six months.

2. The data acquisition, listed in Section 7.1.b.,
should be performed within one year. The neces-
sity of dredging the area in back of the heel of
the dam should be considered in the 1light of con-
clusions reached in regard of the effect of
siltation levels on uplift pressures measured
at the base of dam.

3. Downstream channel improvements, at the spillway,
to provide a better transition to the natural
channel of Lawrence Brook should be completed
within 12 months.

4. Formulation of a plan to increase the spillway
capacity together with investigations of dam
stability to meet currently acceptable criteria
at possibly higher pool elevation should be com-
pleted within 18 months. The plans for rehabili-
tation of the spillway face should be part of the
additional stability investigations.

d. Necessity for Additional Investigation

In view of the lack of definitive data on which to base a safety assess-
ment, further investigations are recommended.
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7.2 Remedial Measures

a. Alternatives
The alternatives available depend on the final spillway capacity recom-
mended, the resulting maximum pool level, and its effect on meeting
currently acceptable stability criteria. The site does not readily

adapt itself to spillway capacity augmentation by creation of an
auxiliary spillway. This solution is merely proposedas a cost compa-

rison alternative. Available alternatives are:

| 38

Provision of an auxiliary spillway.

Raising of the dam's non-overflow sections
as required to provide enough head on the
existiﬁg spillway to pass the additional
spillway discharge. Stability may be im-
proved by post-tensioning tendons and/or
resurfacing of the downstream face of the
dam.

Lowering the dam's crest and installation of

crest gates, possibly of the automatic bascule
leaf type.

A11 spillway capacity augmentation schemes would have to address the
energy dissipation problems associated with higher or more concentrated
spillway overflow rates.
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b. 0 & M Procedures
The owner should initiate a program of annual inspection of the dam util-
izing the standard visual check list used in this report. The downstream
toe of the dam should be dewatered at 15-year intervalsand inspected

for erosion and undercutting. The first such inspection should be made
within twelve months.

A permanent 1og should be kept of all maintenance and operating events
of the dam, the pond and the low leveloutlet gates. The downstream area

at the spillway should be routinely kept free of excessive vegetative
growth.

A warning system comnunications tie line should be established between
the City of New Brunswick and the downstream Borough of Milltown in case of
expected high rainfall and water levels,until the formulated plan for

augmentation of spillway capacity and dam stability is implemented.

An evacuation plan should be developed by the local authorities for
those areas of Milltown which would be inundated in the event of flood-
ing due to high flows or dam failure.
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CHECK LIST - VISUAL OBSERVATIONS
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APPENDIX B

PHOTOGRAPHS

PHOTOGRAPHS TAKEN DURING MAY 1978




FARRINGTON DAM

Photo 1 - Downstream face of the dam showing part of the
spillway and part of the left non-overflow abut-
ment section; the low level outlet is visible
on the right at tailwater level; the downstream
channel is partly blocked off by the tree grown
peninsula visible on the left of the picture

Photo 2 - View of the downstream face of the dam looking
toward the left abutment; note the deteriorated
face concrete,which is an overlay repair 6-in. avg.
thick, placed over the original concrete




FARRINGTON DAM

Photo 3 - Downstream face of the dam looking toward the
right abutment; low level outlet pipe is in
the foreground; note that the downstream channel
is partly blocked off by the treegrown peninsula;
note the absence of spillway training walls
between the overflow and non-overflow sections

Photo 4 - Detail of the deteriorated
downstream face overlay
concrete, showing the
effects of freeze-thaw
spalling and erosion due
to overflowing water




Photo 6 - View across the
spillway crest of
the dam, looking
toward the right
abutment, showing
the deteriorated
crest

FARRINGTON DAM

Photo 5 - Detail of the deteriorated
downstream face concrete
overlaying a monolith or
construction joint in the
original concrete place-
ment




FARRINGTON DAM

Photo 7 - Detail of the spillway crest at the right
non-overflow abutment section

Photo 8 - Detail of the spillway crest at the left non-
overflow abutment section, showing missing
crest concrete




FARRINGTON DAM

Photo 9 - View of the lower left abutment area downstream
of the dam

Photo 10 - View of the upper left
abutment area downstream
of the dam showing the
the general area of see-
page at the top of the
dam




i

FARRINGTON DAM

Photo 11 - View of the upstream face of the dam at the
left abutment showing the spillway and the
outlet works gate operating stands

Photo 12 - View of the upstream face of the dam at the
left end of the dam, showing the reservoir
gage staff and a deteriorated monolith joint




FARRINGTON DAM

Photo 13 - Close-up of the outlet
works gate operating
stands; only the far
stand, controlling the
middle gate is readily
operable

Photo 14 - Upstream view of the right abutment non-
overflow abutment section




FARRINGTON DAM

Photo 15 - View of the downstream channel of Lawrence

Brook taken from the left non-overflow abut-
ment section

Photo 16 - Left reservoir rim of the reservoir at the
dam, showing the U.S.G.S. gaging station




FARRINGTON DAM

Photo 17 - View of the right reservoir rim looking
upstream from the dam

Photo 18 - View of the causeway and bridge crossing the
reservoir at Washington Place

M aaile




APPENDIX C

SUMMARY OF ENGINEERING DATA
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CHECK LIST

HYDROLOGIC AND HYDRAULIC DATA
ENGINEERING DATA

Name of Dam: FARRINGTON LAKE DAM

Drainage Area Characteristics:34.4 square miles on Lawrence Brook (Raritan
‘River Basin

Elevation Top Normal Pool (Storage Capacity): 50.0

Elevation Top Flood Control Pool (Storage Capacity): _Not applicable

Elevation Maximum Design Pool: 52.0

Elevation Top Dam: 53.0

SPILLWAY CREST:
a. Elevation 50.0

b. Type Uncontrolled concrete overflow weir
c. Width 4 feet
d. Length 300_feet
e. Location Spillover Mid-section of the dam structure
f. No. and Type of Gates None on spillway
OUTLET WORK:
a. Type Multiple inlet, single outlet. Three inlets, high, mid &
b. Location Left side of spillway crest Tow level

c. Entrance Inverts Elev. 47.0 for upper 24 in. ¢

Elev. 37.67 for middle 24 in. ¢

Elev. 28.0 for low 30 in. ¢

d. Exit Inverts 28.0 single 30 in. ¢ outlet pipe

e. Emergency Draindown Facilities Low level outlet may be used for this

purpose
HYDROMETEOROLOGICAL GAGES:

a. Type U.S.G.S. gaging station #01404500/#1040500

b. Location Approx. 300 ft. upstream from the dam on the left shore

c. Records May 1927 to current year

MAXIMUM NON-DAMAGING DISCHARGE 4,920 on July 21, 1975

Caa o e L nd Lot M b e et




APPENDIX D

HYDROLOGIC COMPUTATIONS
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APPENDIX E

SUMMARY OF STABILITY CALCULATIONS
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